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OBJECTIVE

As the gate dimensions of complementary-metal-
oxide-semicondwctor  (CMOS) devices approach
sub-100 rm, the thickness of the silicon doxide
dielectric pushes the gate leskage farther into direct
tunreling. In this regime, tunreling current
increases exporentially as the dielectric thickness
deaeases. Aggressvely scaled devices would
benefit from an alternate high delectric constant
(high-k) gate material that enables a thicker
didlectric to reduce gate lekage & a given
equivalent oxide thickness while also maintaining
the high mohility of the silicon dioxide/silicon
interface Silicate materials are being investigated as
high-k dielectrics to take alvantage of the high
dielectric constant of a binary metal oxide cmbined
with the thermal stability and excellent interfacia
properties of SIO,. Although high-k dielectrics may
offer some alvantages over SIO,, integration of
these materials into a standard CMOS flow remains
a chalenge. For instance, the knock-on o metal
into the source/drain regions may warrant the
removal of the high-k film before ion implantation,
and silicidation of the source/drain regions requires
the removal of the high-k film. A wet chemistry to
etch high-k dielectrics would be alvantageous to
avoid plasma damage during a dry etch. Therefore,
the wet etch behavior of high-k dielectrics needs to
be addressed.

The objective of thiswork isto measure the etch rate
of hafnium and zrconium silicaes in dilute
hydrofluoric acid. The dch rates were determined
as a function of compasition and annealing and are
compared to the etch rates of therma SO, and
physicd vapor deposited hafnium oxide. The ech
rate of hafnium and zirconium sili cates are foundto
deaease with increasing metal oxide mole fraction
and increasing thermal budget. The seledivity of
silicates to SO, in dlute hydrofluoric acid ranges
from 1:0.3 for an as-deposited silicate to 1:12 for a
silicate subjected to a1000°C N, anneal.

APPROACH

Zirconium silicate films ((1180 A) were deposited
using chemicd vapor deposition (CVD), and
hafnium silicate films (~100-180 A) were deposited
using both physical vapor deposition (PVD) and
CVD. PVD hafnium sili cae films were deposited at
a nomina HfO;SO, ratio of 50:50, and CVD
hafnium silicate and zirconium sili cate films were

deposited at nomina metal oxide to SO, ratios of
20:80, 3070 or 60:40. Hafnium oxide films (MO A)
were deposited by PVD. Some films underwent a
post-deposition rapid thermal anneal (RTA) in 1atm
N, at 1000 °C for 30s. The &a-deposited and
annealed films were then etched in dlute (0.49 %)
HF using a spray processor. Pre- and past-etch film
thickness was measured by ellipsometry using a
single-layer model with a fixed refractive index of
2.1

RESULTS

The ech rate of theemal SO, in dlute HF is
measured at 23 A/min, as shown in Fig. 1. Figure 2
exhibits the dependence of the PVD hafnium silicate
etch rate on thermal budget. The measured etch rate
of an as-deposited PVD hafnium silicae is 85
A/min. Similar etch rates (~70-100 A/min) were
obtained for as-deposited CVD hafnium silicate (not
presented here). Subjecting the hafnium silicate to a
1000°C anreal decreased the ech rate to 2 A/min.
The dch rate dependence on thermal budget of PVD
hafnium oxide is presented in Fig. 3 (note the change
in the x-axis gae). As-deposited hafnium oxide
etches at a rate of 33 A/min, however the etch rate
diminished to <0.1 A/min after a 1000 °C anneal.
Figure 4 presents the effect of composition on the
etch rate of CVD hafnium silicate. The etch rate of
hafnium silicate was reduced from 16 to 12 A/min
when the hafnium silicate cmposition was changed
from silicortrich (30:70) to metal-rich (60:40). A
similar dependence on compasition is observed in
the CVD zirconium silicate dch rate illustrated in
Fig. 5. When the nominal ZrO,:SiO, ratio was
increased from 20:80 to 6040, the dch rate of
zirconium silicate dropped from 23to 26 A/min.

The results presented in Figs. 1-5 ill ustrate that the
etch rate of slicates in dilute HF can be much
greder or much less than that of thermal SO,
depending on the mposition and the thermal
history of the silicate. For example, the selectivity
(2:0.3) of as-deposited PVD hafnium silicate to SO,
dropped sharply to 1:12 after a 1000 °C anneal. The
selectivity of hafnium and zirconium silicate
deaeased by an order of magnitude from ~1:1 to
~1:10 when the composition was changed from
silicon-rich to metal-rich. Furthermore, the dch rate
of dlicates can be smilar to SiO, when the SO,
fraction is high, as in the case of anneded 30:70
CVD hafnium silicate and 20:80 CVD zirconium
silicate where the selectivities to SIO, are 1:1.4 and
1:1, respedively.

The dch rate of PVD hafnium oxide exhibits a
stronger dependence on thermal budget compared to
PVD hafnium silicate. The selectivity of as
deposited PVD hafnium oxide changed from ~1:1 to
<1:400 after a 1000 °C anned. Comparing the etch
rate of annealed PVD hafnium silicate and hafnium
oxide (2 and <0.1 A/min, respectively) reveals the



chemicd inertnessof hafnium oxide in dilute HF.

Low selectivity of high-k dielectrics to SO, can be
problematic when attempting to clea high-k films
from over silicon and SIO, regions smultaneoudly.
Over-etching high-k dielectrics under these
condtions could lead to excessive remova of SiO,
from the isolation regions of adevice. Integration of
high-k dielectrics may require new etch processs
with high selectivity to SIO..

CONCLUSIONS

This work reports on the eff ects of compasition and
post-deposition RTA on the dch rates of hafnium
and zirconium silicates in dlute HF. In generad, the
etch rate deaeases as the silicon content decreases
and the thermal budget increases. If a sili cate has a
high SiO, fradion and/or alow thermal budget, then
HF may be a appropriate silicate etch solution.
However, if asilicate has alow SO, fraction and/or
ahigh thermal budget, then HF may na be asuitable
etch solution, since a significant amourt of the
isolation may be removed duing silicate over-etch.
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Figurel. Etch rate of thermal SiO, in

dilute HF.
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Figure2. Effed of thermal budget on the
etch rate of PVD hafnium
slicaein dilute HF.

These results indicate that the composition and
thermal history of hafnium and zirconium silicates
must be taken into account when choosing a wet
etch process, and that alternate @ch chemistries may
need to be developed for high-k dielectrics.
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Figure 3. Effed of thermal budget on the
etch rate of PVD hafnium oxide
in dilute HF.
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Figure4. Effed of compasition on the

etch rate of CVD hafnium
slicaein dilute HF.
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Figureb5. Effed of compasition on the
etch rate of CVD zirconium
silicaein dilute HF.



